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ABSTRACT

Successful driland Ct()j) production in the semiu-id Great I’Iain%

of \OF1h Ajuerica niu—t make ellident use of precipitation thai is often

limited and erratic in spatia’ and temporal di,iribntinn. The purpoe

ofthis is In review reseat.ch on water use etfidencv and precipita

non nse elitelency (PUP) as affected by cropping system and manage—

rnent in the (.;reat Plains. Water nse efficiency and PUP increase

with residue tnaoagement practices that increase precipitation storage

ehieienev, sod surface alterations that reduce rnnoti. cropping se

quences thai ndnirnize fallow periods, and use of appropriate ntanaee—

nieol practices for the selected crop. Precipitation nse efficiency on

a mass-produced basis is highest for systents produciag forage (143 kg

ha5 turn. ) and lowest for rotations with a high ftequcncy of oilseed

crops (42 kg ha mm h or continuous small-grain production in the

sonthern plains (234 kg ha tern 1. Precipitation use cfliciencv when

calculated on a price-recciscit basis ranges; from SF20 ha mm (for

an opporrunitr -cropped “stem with 3 of 5 sr in forauc production

in the southern plains) to $13341 ha tnnm {for a wheat 41 rim/coIn

eat/rem IL) g.rain sorgiture [Soghem b/color (IL) Moeuchf—faliow

system in the southern plains) Throughout the Great Plains regIon,

PUP decreases with more. southern latitudes for rotations of sImilar

makeup of cereals, puLses. ollseeds, and forages. Forage systeots in

the southern Great Plains appear to he highly efficient when PUP

is computed oo a price-received hasis. tn general across the Great

Plains. increasing intensitr of cropping increases PU F on 1)0th a bass-

produced basis and tin a price-received basis,

J
yrtie sesu-suto gttiiovs of the Great Plains of North
America. water is generally the- most limttine factor

for crop production. Successful drvland agricultural svs—
tents in these areas must make efficient usc of pret-ipi

tation th.at is often Iim,ifed and errafie in. spatial and

te.mporai distribution. The. lim.ited and erratic nature of.
prccpttaton in this region led to the deve lopmc-nt of
eropp.ing systems in which one crop ssas °°1k° es err
ii” I r a wci

period, whic.h then i,ed to greater vie-ld .stabi.iity. Those.
cropping systems traditionally used tillage. to control

wc.ed growth during the fallow period. But tillage dc-

grades crop residues, making thtni less effective for
4 0 L IL P
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con i. ro.i dii due (h-c fallow i.;-cri or) resul i-ed in e-ppr.irt sin -

ties for more frequent cropping. A number ef methods
have- been. deveiope.d for increasing precipitation stor—
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thos.e mc..thods aa the—v ha.ve been used from the; Cana
dian Prairie l-’rovinccs to the southern ( irerit Pians if

the Isnited Staters. and the resultant cllects on system
\VU F. Additionally, di ftdrenc.c-s n prc.clpt.ation usc e-ffi

cic’ncy (PUB) between c.ropping systems across the Great

Plaiu.s re.gion are id.eruified,

METHODS FOR. INCREASING PSE.
‘Si-I I 4NI) I’BF

Tillage Effects on PSE

Pre.cipitatiein storage efficiency increases as tillage. in-

tensity is reduced during the. summ.e.r fallow period. T’he
I ii: n tsr 0 so’l ci Itt r sl5tt 12d 15 1 5 suIt hoth Pt iintatn
4t1.5’ ct’(’i.JEt rcs:ieluss (iii: (ho 5 ( ‘il surtigeei;and reducing-’ th5’
nit;‘ash,crrif’ limes that moist s:oii t1- bronchI. to the surface

a 01 L, tuts us I S is doccd 1) tie ii r’ imu ci 55 huat—

fa.llow systems at N’orth Platte, Nh. (Smik.a and Wicks,
ldod) sod Sidney Ml U auak i tnd G isc 1087) show
fallow PSE imrcasing from under 25% to around 40%
as. tulane tnte-ns, tts decreased I rum nioldboarsi plow to

Fir __ it Ut . Ii ., KJ’,tl r l I

iovs’ed a similar trend ix ith l’SF tuereasinu from iS’S with

disk tilhge to 35% with no-till I linger and Wicse, 1979),
l’he amount and orientation of crop residue affects

PSE and soil water storage. Data from Sidney, MT; Ak
ron, CC: and North Platte, NE: shoss [‘SF over the

14-mo lallow period in a winier wheat—lallow system

increasing from 15% to almost 35’I-i as xs:heat residue

rriass increases) from 4) to Itt Mg ha”’ (Fig. 1, hotfom:

Creb et al,, 1967). This is a result of increased shading of

the’ soil surface, coolc’r soil temperature., and decreased
rind fist d it thc cc I curl te t Ha,hs Id ,i ii

1,-s ds-’ 11 ,
1’,

,_ 11 S

rote’ eOn g the am) s-un ace- to ‘iii mtndrop untsaet and

subsequent crusting, thus reducing runoff, Russel (193’))

repcrtc’d runoff in the April through Septe-.mher period

in eastern Ne:braska being reduc’ed from. 60 mm in a

dished field cvii bout suridce: ci qi residues to only a trace

wOe-re’ 5.ttilifi-le’.-rrititcti reruec.,, iS. han’ had ise.en em.pioycd
I-’ 551 , , i \1 “r- i I —

— u 1 tnt

a ‘ h
—t

.showe:d cumulative infiltration incre.asing as amount tif

standing a.nd Oat wheat residue on the so-il suri.ace in

crease-si up to- ft lUg ha1k hi, 2, bottom), Othe.t simi.h.r
(r 1fl’1 n 1LIt45LC

r , , t, 1 I -,‘ 5 — ‘1k. h -“ in

to P t ‘ caL s t t

re.sidue.s were re-viewe.d by liner et al, (1994), 1 nger e.I

al, (1997), and Unge.r and. Stewart (1983).
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Water Use EfficIency

Tiflage Method
ti2, 3. Changes in sialer use efficiency due in crop and idtae system

at (;dert City, KS. Cl’ - consentional lilhige: NI nooiflage.

Data train Norsenod (1999).

\\9)F Norwood (1999) showed WUF. of c•orn (Yea snavs
I I tad sun I low i rr asoi, h 2h U 17

tivete, w hun the otorietion system moved Irom. ti eon
Sit liS.,e N aCm I It Ii .i lOt.

‘all —Sf110 lf’ ill tolitiol F - 1)11 19,.,’-

hand, the increases in WUI-E that he reported for sor
ghum (6%) and seyhean jGlyeine max (F.) Merrill]
(10%) were. nott sienifieant. Similarly. WUE of winter
wheat ai Akron, CO. increased from 6.9 kg ha mm
in a ssinfer wheat fallow conventional till -Fl “I )]
system to 7,5 ke ha rntn tn a winter wheat- fallow
no ttllJ\\ FINI i1tst n tosdk7hi inn in iwint i

wheat—corn-fallow no-till (W-C-F) svste.m (Fi.e.. .5) (Ni.el

ConventionaI til age consisted nt three or (war tillape operations
est oog the how penoe. using a sweep plow.

Water Use Efficiency

W-F(CT) W—F(NT)

Tillage Method
rig S (usages in water use etlicieaes due to tdlage ssstem at Ahoa

CO. Data (ruin Nielsen (mipuhh’shed data, 20(13). See Table I Isse
a definition of cropping system ahhrevtattnns.

sen, nnpubiishe.d data, 2fX)39. These. inerease:s eorre
sponded to increased plant availahle waler at wheat

ritintns t: Nielsen et ai., 2(X121. restiltt. np in lower water
a,“tress and hetter plant et ndition t h.rontthont the em ire
t5rrfl\ I Sit! season, ‘Ihe’ longer in I ers al hetwees wheat
crops may also haye. rednee’d root dise’ases I (.ook and
Ha.glund, 1991), thus improvin.g effieiesnev of water up—
take although root diseases in winter wheat are rarely
ohsasrved in this re.gion.

Fnrron F)iking Effects

I n tl:’ ‘o:,tathern c;retit Pin ins at Iettsl,ts has e hee-n nst.de
to alt0‘ r the soil surface by use of furrow diking (hasin
tiliago) in whit..- Is small earthesn dettns are constructed at
short late rvals in furrows to ine.re.ase surface de.tention
storape. thus l)reventiiu.! runoff and irtereasin.g infiltra
t 0 ‘ I o’.,s U ‘ ,, a rt iJ()fl I t i t_ s 3t t clii

5Oct11 tise of lre’tzitr3ttitit)n siotitt lv: osaoe as svn te r is re
ttiitie’tl in the soil s.ssteio and riseO for production eli
yield. Results show fnrrow dikine has not consistently
meretised yields or Wl.1 fd For those. inertmses to oecer,
preetpitation and soil conditions must e•xis‘ I that would
result in rnnoff if the. forrow dikes were. not pre’sent
(Gerti ‘ ri 9 l°541 In lesas 14 iiimhltd1 I ii 111197)
.- I,, I i .,, a I ‘. l 5 i, S _

I
iLl’

losses to e.vapriri.ition. resulting in s r yields eye’n thounh
anol ‘5 0 re i iees I Or a a O o.,d Ii I 01100

diking does not always re’sult in large increases in soil
wate.r because. m.any rain eve.nts are small (<20. mm)
and a.re lost to evaporation, and. that no-tillage of high-
residue crops was more effective than furrow dikes for
increasing waler eonserva1on on nearly leve.l soils in
serritarid regions-

Crop Type Effect on WUE

Watc.r ase efficiency’ varies with crop type. and plant
part heing harve.ste.d. Water use. e.fficieneie-s are higher
for forage crops where (lie entire ahoveoroond portion
uP: the plat-tt is. harvested compared wtth \k LFs for grain.
prounci ant 1 t i lOt iii _h0st iS 13 1e \\ I I— anti in..,

j ,.ropN t s e sr r ( t as 2_
ha mm — for fs.srage pea (Ptstsnt s:auivuso t_), declining
to U 4 kg f.a mm0 for corn. silage (Nielsen, nn.puh
lishe.d data, 2003). Grain WUE ranged from ahout 75 kg
h.a —. ‘1. mrrs —-‘ fOr proso millet (Panie’i.e.m miiioet.’um I ) and
— F .,l 0 ii oh ri o

0 iS I

0 ilr “ V
r.arn tar spr.irig wriest 09’5’ matie r at Swift Foment 03
(Datiatia. Hatfield et al, (2031) provides an. e.xte’n.sive.
review of literature denionstratin.g the h(gh WUF. oh
served for forage’ production compared with see.d pro
duction (including rlata from the semtarid southern
plaitis) and Ihe relatively hig,h WIlE observed for starch
seed production compared with oilseed rodueton.

the relative differences 10 Wf ‘1-i between crop types

IPso onpn.htishe.d o.ata tro-oi A.kron tsrescnted hr’re anti t.ate.r areS
trorn u.n alternatise crop rotation es..peri.me.nt deserih-ed. in Bowman
es at 100) And son .,t I I 1009) ii Nit Isen al it (1990)
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Precipitation Use Efficiency

OC1 bean-Srg-MM-Can.

0c2 = Srg1M1Srg-bean1

0C3

Fig. 16. Precipitation use efficiency (PUP, vstne basis) tar various
continuous cropping systems at Busidand, TX. Cropping system
abbreviations are defined in. Table I. Data from linger (2001).

[dcc alterations that reduce runoif and Encruase intlltra
uon of prceipitation, cropping seun nees that nainimi;’c
tallow periods, and use of appropriate managenient prac
tices for the selected crop (eg. adapted cultivars, appro
priate fertility levels, and effective weed control). Pre
cipitation use efficien.cy on a mass-produced basis is
highest for systems producing forage and lowest for ro
lations with a high frequency of oiiseed crops Through
(‘lit the Gm at Plains rcgnan, Pt. P dccrcascs with more
southern latttudes br rotations il similar makeup ot
cereals, poises. oilsecds. and harages. Forage systems m

—, h ha i ci , h, ,ih’
when Pt..]F. is computed on a price-rtsceivcd hasis, In
general across the. Great Plain. increasing intensity’ of
cropping increases PI.JE on. both a mass-produce.d basis
and on a price-received i..asis, However, continuous crop
ping u.nder drvland conditi.ons in the semiarid. Gm at Plains:
rcmain.s nskv due d . the. iint;tn.i tarecinnat.lon (erratic
a otSt000tiOO and treqoencv I and h;ch i.otcntiat evao

ratiomes: pecait in the son.thern Great Plains,
in t.he tNt nrc, tncrease-s to scmiand drvtand svstca

W GE and PEE nv.rv come f±ons ,nti.r.ued improvement
in. manaeing residuc.s, herbicidr.s., and crop ehotce., WC
suggcst the tollowing a potentially trmtfnt trcas 01 m
search that may improve .syste:m WUE:

1, inc.reissc. atssonni and persistence of crop residue.s,
Grup rcs.tdnes ,in the soil snrtae.c mere ase nfilt ra
lion, reduce ru nulL and reduce evaporation. Lu
fortunately, residue amounts often are limited due
to lov prectpitat ion during the growina season,
rapid decay (espe.ciaiiy in t he een.trai and southern
piatns), or partial in.corporatton into soil by tillage
even though the amount of tillage. m.ay be reduced.,
Ways sh.ould he. sough.t to increase ossidue. reten
firm on the soil surface, Possible methods inclu.de
the use of stripper headers br harvesting and di.’-

‘c.iopment and use of newe effective herbicides,
By u.s in: 5tr[)p:er headcjrs, virtualls? all of the plant
stems rerrmin upright, res‘ ulting, in slower residue
decomposition and greater shad:ing and wind s:peed.
reduction., thereby reducin.g soil water tsvapor:.t
tom. Similark , it mar he possible to plan the propcr
sequencing f crop-s to provtde optmnm crop test-
dric type. riricntation. and anouut for sr’cdirtg the’
subs s quent crop.

7, Implement flexible rotaltons fee., opportunitn er
ping). ‘l.’h.e. Oceurrttne of preci.pitation and, hence,
1 he availability of adequate store‘d .s.oil water har a
crop is higii 12’ variatde , especially in sem.iarid or-
ftions Sometimt.s stored soil water at normal plant-
ing time’s fur a crop in a triven e.ropptte is.
itnttcd: a.t other tintes.. adequate sater for a crop
is avadabie ‘then the planting of a corp had no
been planned. as ts the ease periodical. iv irE the
sontneru phuns i’a.te in the season tr s.oort after
harve.s.ting a crop. By practic.in.g opportun.ity crop
ping, some crop ge.ne-ra by ceiuld be. plan.ted wh.en
svater becomes available, The goat she uld he to
grow a crop whenever conditions arc’ or become.
l.’avorahle. and, not according to sonic prede.te.rniitted
‘cr’hcclole implementation of s.uch a system would

qur..et Ii’ ni. ‘a,’
carryover effecis., Such a system in which crop
choice is determined: by anr’aunt at stored soil
water may not he as feasible in the northern plains
where crop yields appear to he much more depen
den.t on growing seasor. rainfall than rin stored soil
water (Miller et al., 2003c).

3. Match crop cuhivar selection to prevailing weather
conditions. (ienetic yield potential is linkerl pus.i—
tivelv with maturity, so cultivar eyaluaton trials
conducted under eondit tons of adequate sriil a ater

‘F I , ‘ i,..., r , t no r mu

I “.,,. ,.flu ,. I ,s’=ipi ,, I
em. pla.ins, sum.mer drought in July typically termi
nates the growing season and consequently early
maturing cultivars, w ith lower ge.r.e:tic yield peten
tEl, may ykdd retativelv greater. in th.e. southern.
p:lains, a produe’er may us.e a lon.g.e’r-maturh:v class

Gn I

carts: Gantint’ times:, t5tit a shorter taaturtv cl:.iss
when planting is tie l.a.ved.

4. i mprrwe tin’’atircs:s. a f cu.l.t’arat orierattoa.s. met
ing early se.erling of rot:ts: ro.d optimum, timing of

eed eon.trul, an.d time aperati.ons is coincide with.
favorable eon.d.itions as pre.diete’d by sheirt-tcrnt
(4)3—fl h) weather forecasts. “Ehe tand. are.a-to-farnr
r.rpe.rator raths is’ increasing: steadily throughout the
iLdPhOi ,saiin, (t’5’9t,, hi a

i icc— r1 ‘e

tion is a critical new attribute of conservation till
age systems, and climatic conditions that pernimi

earl seeding for increased yield potent nil at spnng
an.d winter crops. m.ay not favor effective prc’-emer
ee.nt weed manage.ment. ‘[his’ frequerrtly re.suits in a.
com:promisr. he.tsveen pursuing optitna.t yir.ld goals
md an ed m a, igernun, It is dtlemnma m’s ove c mm

pie: that w’ouid he.nefit frmam systcmorien.ted s,tud—
jes. aimtng to increase crop PLF.

precipitation reeetved over that terni tFmu. ti ann it).
Precipitation use e’tfeie’ncv was improved ss hen crop
“m,_ a. cc lcc,i, i ._,. I I

crops. in 3. sr 1W F ss. \k-L-F ar W-M 1”: see ‘laNe I
fm definit iens of co.tpping systent abbreviations used
here and in the’ f.igure’s) hut not whe.n sunflower was a
part of the system (in either a 3-yr or 4-yr rotation).
Nielsen et al. (1999) observed that the very dry soil pro
l’ile following sunflower production in a W-S-F rotation
s requen tis no m ehi ,d at hi ads dur n. tnt nh

se’quent fallciw period to produce profitable a heat vtehis
ho “‘fl4i1 I ‘n , ‘

em i r —‘

production (range 8.4 -5.4 kg ha mti.•’). The othc’.r con
tin.uousty cropped rotatiom,s had F’IJE.s ranging from 5.9
to 2.8 kg.; ha° mm’’.

Due to the different photosyn.the.tic costs: of produc
ing oil, protein, and sta,mh, the’ PEE changes with tile:.

I ‘ ,“—

2”... t ., a
i ,r_’s I .,_. i —e_._ —,

0.t. 5i_ipst’, ann (ic’ul’.iriti: irenemaltv tal:e.s 11115. im.’ito tie
count t:n that the’ ph’aies:ynthetieailv costly phmn.t prod-
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Ftg. Itt. Precipitation inc etilciency (PUP:, mass basis) tor various
continuous cropping systems at .Akrmn, CO. Cropping system ab
breviations are defined in Table I. t )ala fromo ickcn tnnpnhhished
data, 2003;.

macms. otil a.re smmrth n”,omms than tile less costly plant
products (starch t. t s:ing dollars p’ unit ol precipitation
received can be a more usetul way to determine the
efficacy’ and c.ffieicncy with which a given cropping sys
tern or rotation makes use of water when comparing
across crop types or rotrmtions. with different proportions
of crop types. Eint’ortunately. direct comparisons tie -

tween sYstems si ith and without torar:,e crops. may still
n.ot be applicable (in tusttf:ed clue: to large difte.mcnees
in t’amage harvest tmanspom’:.mti’:tn costs and dttfe.meneesmn

I, _“.,u I—. ‘ ss, ‘isI

spel’ge:m and E:a,mm, 2993). ‘i’en-vea.m a.vert.ge mamktrt values’
[i992—299i., www.nass.usda.gov (verified 24 Nov. 2f,X)4),
Tahh. 2j were applied to tbe data colie.ctc’d at Akron,
(A), to generate Fig, F). a.nd 12. T’he W-c.-F rotation had
the highest PIlE I.:,ased on dmillam return per millimeter of

(i_i ,.,
‘ ,, I_.
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s , 0 “ —‘— T II
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onsiv eropptrd rot; t:.ome:’ (Pig. .12) wan seen 1.3w thr aIl

1.40
Bu.shiand, TX

1994-19981.20

14(1

OttO

‘C
E

‘(U

Ui
D
a.

0.40

0.20

Precipitation Use Efficiency

W, Trt


